A rod-shaped, Gram-negative, non-motile, aerobic and non-endospore forming bacterium, designated strain DD-13 T , was isolated from the mangrove ecosystem of Goa, India. Strain DD-13
The genus Microbulbifer was originally reported by González et al. (1997) to describe strictly aerobic, rod-shaped members of the phylum Proteobacteria having numerous vesicles on the membrane surface. Subsequently, several novel species belonging to the genus Microbulbifer with the capability to degrade several polysaccharides have been isolated from various habitats such as salt marsh, intertidal sediment, solar saltern, sediments (marine and deep-sea), marine algae and mangrove forests (Yoon et al., 2003 (Yoon et al., , 2004 (Yoon et al., , 2007 Miyazaki et al., 2008; Nishijima et al., 2009; Wang et al., 2009; Baba et al., 2011; Zhang et al., 2012) . Additionally, the presence of iso-C 15 : 0 as the major fatty acid and Q-8 as the predominant isoprenoid quinone are characteristic features of the genus Microbulbifer. Furthermore, species of the genus Microbulbifer are also known to demonstrate a characteristic rod-coccus cycle associated with different stages of their growth stages (Nishijima et al., 2009 ).
The mangrove ecosystem, the connecting link between terrestrial and marine ecosystems is rich in organic matter. Diverse floral and faunal communities thrive in the different niches existing in this ecosystem. Furthermore, the litter which is composed of mangrove foliage and vegetative remains contributes to the induction of complex polysaccharides (CPs) such as cellulose, xylan, pectin, pullulan etc. in this ecosystem. The colonization of CPdecomposing micro-organisms within litter to form the detritus is an important ecological process and plays an important role in carbon recycling. In the present study, we report the taxonomic characteristics of a novel species belonging to the genus Microbulbifer that was isolated from the mangrove ecosystem of Goa, India and is capable of degrading several polysaccharides.
Bacterial strain T was isolated from a water sample collected from mangroves of Goa, India (15 u 309 350 N 73 u 529 630 E). The mangrove forest is situated along the Mandovi estuary of Goa and detailed physico-chemical characteristics of the water have been reported (Singh et al., 2009 ). The water sample was collected in sterile bottles and later serially diluted in an artificial sea water medium (ASW) (Ghadi et al., 1997 ). An aliquot was spread plated on ASW containing 2 % agar supplemented with 1 % sodium alginate. The plates were incubated at 30 u C for 48-72 h. Single colonies displaying depression or clearance zones were picked and purity was confirmed by repeated streaking. The alginolytic activity of the isolates was detected by flooding culture plates with 10 % cetyl pyridinium chloride (Gacesa & Wusteman 1990) . One of the alginolytic isolates that demonstrated multiple polysaccharide degrading ability was designated strain DD-13 T and was subjected to polyphasic characterization to determine its exact taxonomic position.
The morphological and growth characteristics of strain T were investigated by growth on marine agar 2216 (MA; HiMedia) at 36 u C. Growth was determined at different temperatures (4, 10, 15, 20, 25, 30, 32, (34) (35) (36) (37) (38) (39) and 45 u C). The pH range (3-12) for bacterial growth was assessed in customized marine broth (MB) whose pH was adjusted by adding respective buffers [50 mM of the respective buffers: citrate (pH 3-6); Tris base (pH 7-8); borate (pH 9); glycine-NaOH (pH 10); sodium bicarbonate (pH 11); potassium chloride (pH 12)]. Modified MB (devoid of NaCl) was supplemented with NaCl in the range of 0-10 % (w/v) for investigating growth at different concentrations of NaCl.
Unless otherwise stated, biochemical studies of strain T were performed in ASW medium at 36 u C. Furthermore, whenever reference type strains of species of the genus Microbulbifer were used for comparison, they were also grown in ASW at their respective optimum temperatures. Catalase and oxidase activity, hydrolysis of casein, starch and Tweens 20, 40, 60 and 80 were determined as described by Cowan & Steel (1965) . Hydrolysis of aesculin and urea, reduction of nitrate and carbohydrate utilization profiles were analysed using HiAssorted biochemical test kit KB002 and HiCarbohydrate kit KB009 respectively (HiMedia). The multiple polysaccharase activity was detected by the plate screening method after 48 h on ASW agar plates or ASW agar plates supplemented with 0.2 % of any one polysaccharide [alginic acid (mixed polymer of guluronate and mannuronate), chitin (poly-N-acetyl-1,4,b-D-glucopyranosoamine), CM-cellulose (sodium salt), laminarin (from Laminaria digitata), pectin (poly D-galacturonic acid methyl ester), pullulan (standard), starch (from potato), carrageenan (from Irish moss), b-glucan (from barley) or xylan (from oat spelts)] (Stanier, 1942; Morgan et al.,1979; Teather & Wood, 1982; Gacesa & Wusteman 1990; González-Candelas et al., 1995; Ruijssenaars & Hartmans, 2001) . Laminarin, pullulan and b-glucan were from Sigma whereas other polysaccharides were obtained from HiMedia.
Bacterial strain DD-13
T and type strains of closely related species of the genus Microbulbifer were grown in MB at 35 u C up to late-exponential phase. Fatty acid compositions were determined following the instructions of the Sherlock Microbial Identification System (Sasser, 1990 ) using a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (J&W Scientific) under a helium flow of 1.5 ml min 21 and an oven temperature program increasing from 140 u C (5 min) to 280 u C (5 min) at 4 u C min
21
. Furthermore, strain DD-13 T cultivated in MB at 35 u C for 24 h was used for isolation of genomic DNA (Maloy, 1990 ) and isoprenoid quinone analysis using reverse-phase HPLC (Komagata & Suzuki, 1987) . The DNA G+C content was determined using the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization (in triplicate) was measured fluorometrically at 48 u C for 4 h as described by Ezaki et al. (1989) .
PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Hauben et al. (1997) . The 16S rRNA gene sequence was determined using Big Dye terminator v3.1 Cycle Sequencing kit and the run was carried out in an automated DNA sequencer, model 3730XL (Applied Biosystems). The 16S rRNA gene sequence of strain DD-13 T (1536 bp) was compared and analysed with respective reference gene sequences by NCBI-BLAST program for identification of closely related type strains with validly published bacterial names. The 16S rRNA gene sequences of the closest homologues were downloaded from GenBank and EMBL databases and multiple alignments were performed with CLUSTAL X program (version 1.83; Thompson et al., 1997) . The alignment gaps and missing data were edited. The evolutionary distance matrices were generated according to Jukes & Cantor (1969) . Phylogenetic trees were inferred using the maximum-parsimony, maximum-likelihood and neighbour-joining methods with the MEGA program (version 5.0; Tamura et al., 2011) . The robustness of the topology of phylogenetic trees was evaluated by a bootstrap analysis with 10 000 replications.
The 16S rRNA gene sequence of strain DD-13 T (HQ424446) was a continuous stretch of 1536 bp. A BLAST analysis of the 16S rRNA gene sequence of strain T indicated that it belonged to the class Gammaproteobacteria and was closely related to the genus Microbulbifer. The sequence similarity levels of 16S rRNA of strain DD-13 T in comparison to Microbulbifer hydrolyticus IRE-31 T were 98.9, 98.5, 97.5, 97.2 and 97.1 %, respectively. The 16S rRNA gene sequence identity with other members of the genus Microbulbifer was in the range 96.7-93.6 %. The 16S rRNA phylogenetic tree based on the neighbour-joining algorithm, depicted strain DD-13 T to be in the same clade as the species of the genus Microbulbifer (Fig. 1) . Phylogenetic analysis based on neighbour-joining method showed that strain DD-13 (Fig. 1) . The same relationship was also inferred from phylogenetic trees obtained using maximum-parsimony and maximum-likelihood methods (not shown).
Strain DD-13
T was isolated as a greyish yellow colony on MA and formed depressions when grown on ASW agar plates containing 1 % (w/v) sodium alginate. Strain DD-13 T is catalase and oxidase-positive and can degrade 11 different polysaccharides. Besides the presence of iso-C 15 : 0 as the major fatty acid in strain T that confirmed its affiliation to the genus Microbulbifer, iso-C 17 : 1 v9c, C 18 : 1 v7c and C 16 : 0 were also detected as other prominent fatty acids. No significant differences were observed when the fatty acid profile of strain T was compared with the fatty acid profiles of related type strains of species of the genus Microbulbifer (Table S1 available in IJSEM Online). Detailed results of phenotypic and biochemical studies of strain T are shown in Table 1 or mentioned in the species description.
On the basis of physiological characteristics, strain DD-13 T is easily differentiated from the closely related species of the genus Microbulbifer (Table 1) . Unlike other species of the genus Microbulbifer, strain T is able to grow in MB without NaCl. Furthermore, strain DD-13 T does not hydrolyse casein and produces H 2 S whereas the other closely related species of the genus Microbulbifer used for comparison in the present study hydrolysed casein and did not produce H 2 S (Table 1) . Additionally, strain DD-13 T demonstrated several differences from closely related species of the genus Microbulbifer with regard to percentage G+C content of DNA, ability to grow in MB amended with 10 % NaCl and ability to grow at pH 5 and 10 (Table  1) . When compared with other species of the genus Microbulbifer, strain DD-13 T degrades 11 tested complex polysaccharides: agar, alginate, chitin, cellulose, laminarin, pectin, pullulan, starch, carrageenan, xylan and b-glucan (Fig. S1 ). Saccharophagus degradans, isolated from salt marsh is the only other polysaccharide-degrading strain reported to degrade 10 polysaccharides (Ekborg et al., 2005) . Amongst the species of the genus Microbulbifer tested, only strain DD-13 T and M. elongatus DSM 6810 T were observed to degrade pectin (Table 1) .
Strain DD-13 T exhibited 16S rRNA gene sequence similarity levels of 97.1-98.9 % to the type strains of species of the genus Microbulbifer chosen in the present 
Microbulbifer variabilis Ni-2088 T (AB167354)
Microbulbifer epialgicus F-104 T (AB266054)
Microbulbifer maritimus TF-17 T (AY377986)
Microbulbifer donghaiensis CN85 T (EU365694)
Microbulbifer okinawensis ABABA23 T (AB500893)
Microbulbifer marinus Y215 T (GQ262812)
Microbulbifer thermotolerans JAMB A94 T (AB124836)
Microbulbifer chitinilyticus ABABA212 T (AB500894)
Microbulbifer halophilus YIM 91118 T (EF674853)
Microbulbifer yueqingensis Y226 T (GQ262813)
Microbulbifer celer ISL-39 T (EF486352)
Microbulbifer agarilyticus JAMB A3 T (AB158515)
Microbulbifer elongatus DSM 6810 T (AF500006)
Microbulbifer salipaludis SM-1 T (AF479688)
Microbulbifer mangrovi DD-13 T (HQ424446)
Microbulbifer hydrolyticus DSM 11525 T (AJ608704)
Marinobacter oulmenensis Set74 T (FJ897726)
Marinobacter guineae LMG 24048 T (AM503093)
Marinobacter sediminum R65 T (AJ609270) Marinobacter flavimaris SW-145 T (AY517632)
Vibrio communis R-40496 T (GU078672) These similarities are below the generally accepted species differentiation limit of 70 % (Wayne et al., 1987) . Thus strain DD-13 T is not related to these species and is a novel species of the genus Microbulbifer. Thus, based on chemotaxonomic characteristics, phylogenetic data and genomic distinctiveness, strain DD-13 T should be placed in the genus Microbulbifer as a novel 
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*Data for strains 2-6 is from González et al. (1997) , Yoon et al. (2003) , Yoon et al. (2007) , Miyazaki et al. (2008) and Yoon et al. (2007) , respectively. DData obtained from this study.
